Arctic air and ground temperatures have increased over the last half century, leading to 37 enhanced permafrost thaw and deepening of the active layer (Romanovsky et al. 2010 ). This 38 warming could, in turn, result in the transformation of carbon sinks into sources (Schuur et 39 al., 2009) and the release of old soil carbon into the atmosphere as carbon dioxide or methane 40 (Zimov et al., 2006) . Greater concentrations of these two greenhouse gases in the atmosphere 41 and a further warming of air temperatures could lead to a process termed "permafrost carbon 42 feedback" (Schaefer et al., 2014) . 43 44 Nitrogen is considered a limiting nutrient in northern ecosystems (Shaver and Chapin, 1980) ; 45 it plays an important role in ecosystems and carbon cycling (Harden et al., 2012) and is also 46 made available during organic matter decomposition (Meyers, 1994) . Activated nitrogen-rich 47 organic compounds can be subject to nitrification and denitrification, which can produce 48 is also highly heterogeneous across the landscape, making modelling efforts sensitive to 63 averaging strategies used in baseline datasets (Kuhry et al., 2010) . There is, therefore, an 64 urgent need for local, regional, and circum-Arctic inventories of SOC to mitigate these issues 65 lacking. Geomorphic disturbance can, however, also lead to material accumulation, thereby 78 increasing storage through riverine sedimentation (Zubrzycki et al., 2013) or peat 79 accumulation (Botch et al., 1995) . In our study, mass wasting encompasses a wide range of 80 processes, from slow solifluction and stream gullying to rapid active layer detachments and 81 retrogressive thaw slumping. The intensity of these processes is reflected in some of 82 ecological units of Herschel Island (Smith et al., 1989) . Thus, achieving a better 83 understanding of the influence of geomorphic disturbances on SOC and TN stores will 84 improve our ability to estimate changes in these stocks over time. km east of the Alaskan border. The island is 13 x 15 km in size and covers an area of 110 km 2 112 ( Fig. 1 ). It is situated north of the Arctic Circle at 69°34'N and 138°55'W; mean annual 113 temperature is -9°C and daily averages rise above 5°C in July and August (Burn, 2012) . 114
Yearly precipitation is between 150 and 200 mm. Due to strong winds, snow is blown from 115 higher ground and accumulates in snow beds in low-lying parts of the landscape (Burn, 2012) . 116 Herschel Island is a push moraine that was formed by the Laurentide ice sheet progression 117 (Bouchard, 1974; Fritz et al., 2012) . The island is therefore made of unconsolidated and 118 mostly fine-grained marine sediment and is characterised by abundant massive ice of glacial 119 origin (Bouchard, 1974; Pollard, 1990; Fritz et al., 2011) . Permafrost is continuous with mean 120 annual ground temperature of -8 °C at zero amplitude depth at Collinson Head. Active layer 121 depths normally range between 40 and 60 cm depending on topography (Burn and Zhang, 122 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 3.5). The names of the units defined in the publication are based on local landmarks or fauna. 148
We adapted these unit names to landscape and terrain characteristics in order to enable 149 comparison with units from other areas in the Arctic with similar characteristics. 150 151 3 Methods 152
Field work and sampling 153
In July 2013, we cored 11 locations (Table 2) selected to be representative of each of the 154 ecological units (Table 1) . At each coring location, a detailed terrain and vegetation survey 155 was undertaken to characterise the surface. A pit was dug until the thaw depth was reached. 156
Cores were drilled to a depth of 60 -250 cm below the surface with a Snow, Ice, and 157
Permafrost Research Establishment (SIPRE) permafrost coring auger barrel drill 158 (manufactured in Jon's Machine Shop) with an inner diameter of 7.5 cm and equipped with a 159
Stihl BT 121 engine. Where thaw depth exceeded 70 cm, a pit was dug and no permafrost 160 core was taken because of the difficulty of digging and setting up the coring equipment. We 161 drilled at least one core in each ecological unit, ten cores and two pits in total. The uppermost 162 metre of the pit or core was sampled every 10 cm; below one metre we sampled every 20 cm. 163
Sampling depths were adapted to visible changes in facies or cryostructure. We obtained 164 7.5x7.5x5 cm samples from the active layer. Permafrost core samples were 5 cm thick and 7.5 165 cm in diameter. 166 The 128 samples were weighed to determine wet weight, freeze dried at -20 °C in vacuum, 169 then weighed again for dry weight, ground, mixed and milled for elementary analyses, and 170 then subsampled for further analyses. Samples were then separately analysed for carbon and 171 nitrogen content in an Elementar vario EL III and for total organic carbon content using an 172
Elementar vario MAX C manufactured by Elementar Analysensysteme GmbH. 173 derived from an IKONOS stereopair. The DEM itself was resampled from 2 m resolution to 183 6.5 m resolution with cubic convolution to fit to the resolution of the RapidEye image. Small 184 artefacts (parallel stripes) were removed from the DEM dataset using a 4x4 round average 185 filter. Preliminary results showed that SOC content correlates well with slope angle and for 186 this reason it was added to the classification. The slope angle layer at 6.5 m resolution was 187 calculated from the DEM. An atmospheric correction (Atmospheric and Topographic 188 Correction (ATCOR) module in PCI Geomatica 2013) (Richter, 1996) 
Upscaling of SOC and TN contents 215
Contents of SOC and TN were calculated using gravimetric contents of total organic carbon 216 (TOC) and TN in the samples. The dry bulk density was calculated using the dry weight and 217 the volume of samples. Volumetric TOC and TN contents (kg C m -2 and kg N m -2 , 218 respectively) were then calculated for one centimetre sample thickness (cm m 2 ) using the 219 following equations: 220
Where cOC and cN are gravimetric contents of organic carbon and nitrogen in weight fraction 223 and ρ is dry bulk density in g cm -3 . The coarse grain size fraction (particles > 2mm) was not 224 included in the calculations because it was either absent or present in negligible amounts. 225 SOC and TN contents from the samples were extrapolated to apply to adjacent parts of the 226 core that were not sampled; extrapolation extended half of the distance to the next sample 227 along the core. The total contents of SOC and TN (in kg C m -2 and kg N m -2 , respectively) in 228 a core were calculated by summing the content of each centimetre of the core. The values 229 were calculated for three different depth ranges: 0-30 cm (SOC 0-30cm and TN 0-30cm), 0-1 230 m (SOC 0-100 cm and TN 0-100 cm), and 0-2 m (SOC 0-200 cm and TN 0-200 cm). In 231 shorter cores, the value of the lowermost sample was extrapolated downwards. Cores and pits 232 that did not exceed one metre were J01, PG2152 and PG2162. Core PG2158 reached 143 cm. 233
Extrapolation of SOC and TN for 0-2 m is less certain for these cores. 234
235 Core values were averaged across the cores for ecological units with more than one core; 236 otherwise, the value of the single core was assigned to the ecological unit. These values were 237 multiplied by cell area and numbers of cells from the classification to calculate stocks of SOC 238 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
Assessing the role of terrain on site SOC and TN storage 244
We assessed the role of terrain on SOC and TN storage on Herschel Island by correlating 245 them to environmental variables as slope, soil moisture, topographical wetness index (TWI), 246 elevation and NDVI. Geomorphic disturbance is not a linearly measurable variable because it 247 encompasses both accumulation and mass wasting. For this reason we divided the sites into 248 three groups according to the prevalent geomorphic processes (Table 1) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r P e e r R e v i e w 13 moisture content was calculated from sample wet and dry mass on a wet soil basis and 262 upscaled to cores using the same procedure as for SOC and TN contents. Slope angle, degree 263 of disturbance, and elevation were measured in the field. 264 265 Shapiro-Wilk test was used to test the normality of distributions. Pearson's correlation 266 coefficients were calculated and linear regression analysis was used to calculate R-squared 267 values in order to estimate the amount of variance within SOC and TN that is explained by 268 these environmental variables. P-values were corrected with "False discovery rate correction" 269 to account for any auto-correlation effects. Significance of difference between geomorphic 270 disturbance groups was tested with student's t-test. All statistical analyses were calculated 271 using the R software (version 3.0.1). The pit from the Spits and Beaches unit was not included 272 in the correlation analysis because it is strongly influenced by marine processes that are not a 273 subject of our study. 274 275 4 Results 276
Relation between geomorphic disturbance and site SOC and TN storage 277
Slope angle, TWI and moisture content were significantly correlated with SOC 0-100 cm 278 (Table 3 , Fig. 3 ). The strongest correlation was found between TWI and SOC 0-100 cm (r = 279 0.79, p = 0.004). Soil moisture content was also strongly positively and significantly 280 correlated with SOC 0-100 cm (r = 0.69, p = 0.020). Slope angle was strongly negatively 281 correlated with SOC 0-100 cm (r = -0.68, p = 0.023). Corrected p-values of significant 282 correlations remained within the 95% confidence interval. Elevation (r = -0.14, p = 0.690) and 283 NDVI (r = 0.23, p = 0.630) were not significantly correlated with SOC 0-100 cm. We found 284 no significant correlation of any of the studied variables with TN 0-100 cm. 285
286
The comparison of means for each geomorphic disturbance group showed that SOC 0-100 cm 287 in the mass wasting group differs significantly from undisturbed and accumulation groups 288 (Table 4 ). Group means of SOC 0-100 cm do not differ significantly between the 289 accumulation and undisturbed groups. Group means of TN 0-100 cm are not significantly 290 different (within 95 % confidence interval) between the geomorphic disturbance groups. 291 292
Supervised classification 293
According to our classification of ecological units (Table 5, The comparison of our ecological classification and ground truth points showed an overall 75 300 % classification accuracy ( Our estimates indicate that there is 3.9 Tg of SOC and 0.4 Tg of TN in the uppermost metre 324 of soil on Herschel Island (see Table 4 
Effects of terrain characteristics on SOC and TN storage 346
The strong positive correlations between TWI, slope angle and SOC 0-100 cm indicate that 347 terrain has an important influence on SOC storage on Herschel Island. Slope angle affects soil 348 drainage and soil moisture content, which further affects net primary production and 349 decomposition (Birkeland, 1984) . TWI is calculated from local upslope area drainage and 350 slope angle and is often used to quantify topographic control on hydrological processes and to 351 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 The difference between geomorphic disturbance groups was well reflected also in down-core 371 trends of SOC, TN and dry bulk density (Fig. 8) . The majority of SOC and TN in undisturbed 372 sites was stored in the upper 70 cm, while in lower parts, which are likely a ground ice-rich 373 material, very small amounts of SOC and TN were found. Sites characterised by mass wasting 374 showed very high dry bulk densities deeper in profile, indicating that the material had been 375 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 The insignificant correlation between terrain variables and TN 0-100 cm (Table 3) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 comparison to nitrogen during organic material decomposition results in decreasing soil C/N 400 ratios with decomposition (Meyers, 1994; Kuhry and Vitt, 1996) . C/N ratios for 0-100 cm 401 (Table 6) show significantly lower C/N ratios in sites characterised by mass wasting. Down-402 core trends (Fig. 8) show that mass wasting sites have significantly lower SOC contents, 403 while TN storage is comparable to other sites. This might indicate that mass wasting promotes 404 decomposition and carbon loss, but has a reduced impact on nitrogen storage. Low C/N ratios 405 that we observed on Herschel Island can be explained by the presence of marine algae in 406 organic matter (Meyers, 1994) , which originates from the moraine material. C/N ratios below 407 9 in Strongly and Moderately Disturbed Terrain can be due to abundance of this material 408 exposed by mass wasting. Very low C/N ratios could also result from measured inorganic 409 nitrogen that could have been present in the samples. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
